Trends in capelin (Mallotus villosus) biomass in NAFO Div. 3L during 1982-89 projected from Canadian acoustic surveys were compared to trends in indices of inshore abundance from aerial surveys and trap catch rates. Trends in the two inshore indices of abundance were significantly correlated with each other but were not significantly correlated with the Canadian series. The major differences occurred during 1986 and 1987. Age-compositions in the inshore mature stock were similar to the age-compositions predicted from the acoustic surveys although the latter tended to underestimate the proportions of older fish. The time series was short and the relationships tested were not always statistically significant, however, the general agreement in trends of all indices engendered confidence in the approach and especially in the acoustic surveys which provide absolute abundance indices which can be used directly for management advice.
Introduction
Over the last 20 years or so, methods of fish stock assessment have developed rapidly in response to increased fishing pressure and the need for accurate evaluation of a safe level of fishing. Techniques to assess the abundance of a species can take many forms, direct or indirect (e.g. acoustic surveys and virtual population analysis (VPA), respectively), but inevitably there is a desire to validate the estimates of abundance. Often the validation takes the form of comparison of different estimates or indices of abundance. When a series of abundance estimates are compared, similar trends over time promote confidence both in the methods and results but differing trends between series prompt the investigator to determine why the differences are occurring.
In this paper, we examine the comparability of indices of abundance for one stock of capelin (Mallotus villosus) in the Northwest Atlantic, viz. that in NAFO Div. 3L during 1982-89 . We compare trends in biomass projected from acoustic surveys with indices of abundance from a commercial catchrate series and an aerial survey.
Background
Capelin is a small (maximum size about 200 mm), silvery pelagic fish species, circumpolar in distribution in northern waters (Jangaard, 1974) . On the east coast of North America, capelin is abundant in the waters surrounding Newfoundland and Labrador, where five major stocks (Campbell and Winters, 1973) have been designated for management purposes (Fig. 1 ). Three of these stocks (NAFO Subarea 2 and Div. 3K, Div. 3L and Div. 3NO) have been subjected to directed fisheries and have been the object of scientific research since the early-1970s. This contribution deals only with the Div. 3L stock.
The northern Grand Bank is a nursery and overwintering area for this stock (Carscadden, 1983) . Maturation begins in the offshore area in latewinter and early-spring and then these maturing fish migrate inshore to spawn during late-June and early-July. Most spawning occurs intertidally on gravel beaches during a 4-6 week period at water temperatures of 5.5° to 8.5°C but when water temperatures become too high, spawning may take p l a c e i n d e e p e r w a t e r a d j a c e n t t o b e a c h e s (Templeman, 1948) . The bulk of the mature capelin stock is 3 and 4 years of age. Spawning mortality is h i g h , e s t i m a t e d t o b e g re a t e r t h a n 8 0 % (Carscadden and Miller, MS 1980) . Prior to the 1970s, a local inshore capelin fishe r y w a s p ro s e c u t e d f o r b a i t a n d f e r t i l i z e r (Carscadden, 1983) . During the early-1970s, the commercial catch of capelin rose with increasing midwater trawler effort concentrating in the offshore zone (outside 12 naut. miles) during March-May. Catches peaked at 58 000 tons in 1974 and then declined to 25 000 tons in 1978, after which the offshore fishery was terminated. In the late-1970s, an inshore fishery directed at roe-bearing females developed. The primary gears used in this fishery have been purse seines and trap nets. Catches in this inshore fishery during 1978-90 ranged from 6 400 tons to 53 000 tons with the peak catch occurring in 1988. Management has been by quota; final quotas are determined by market requirements and in the years addressed in this paper have generally been lower than advised from results of scientific assessments.
The biology of capelin and the pattern of the fishery have influenced the type of biological research used as the basis of advice for management of this stock. Estimation of capelin biomass using sequential population models has proven problematic because of the short life span (capelin older than 4 years comprise less than 10% of the population) and high spawning mortality. The changing nature of the fishery from an offshore midwater trawler fishery to an inshore purse seine and trap fishery prompted us to incorporate fishery-independent assessment methodologies. Because the mature biomass is dominated by two age-groups (3-and 4-year-olds) and the present inshore fishery is directed at mature fish, the primary objective of annual assessments of this stock has been to estimate the relative strength of year-classes which will recruit to the fishery the following year. These recruiting yearclasses have been estimated annually since 1982 from data collected during hydroacoustic surveys in spring in offshore nursery areas in Div. 3L.
While the acoustic survey results have formed the basis for assessing this capelin stock, other techniques have been used to monitor trends in abundance of the mature stock during the inshore spawning period and thereby evaluate the projections based on the acoustic survey data. Two indices of inshore abundance have been developed: catch rates from trap nets and an index of relative spawning biomass estimated from aerial photographs of capelin schools near spawning beaches.
Materials and Methods

Acoustic survey methodology
Hydroacoustic surveys have been conducted offshore in NAFO Div. 3L during spring (April-May) since 1982. The timing of the surveys has varied somewhat during the 1982-88 period. During 1982-84 inclusive, surveys were conducted in April but it was found that in some years, ice created problems in towing the transducer. Thus, beginning in 1985, the survey was moved to May to avoid ice and the survey period was extended allowing greater areal coverage (Table 1 ). An example of the design of a recent survey is shown in Fig. 2 .
All acoustic cruises were conducted from the RV Gadus Atlantica, a 73.5 m stern trawler. The transducer was mounted in an underwater vehicle and towed behind the vessel to minimize ship noise and turbulence. Acoustic data were collected using a Simrad EK 400 echosounder operating at 49 Khz with a pulse length of 0.4 milliseconds in 1982, 0.3 milliseconds in 1983, and 0.6 milliseconds since 1984, and a band width of 3.3 Khz. A time-variedgain of 20 log R+2 α R (α = 0.0120dB/m) was used.
Returned echo signals were demodulated and fed to a custom-designed microprocessor-controlled hydroacoustic data acquisition system (HYDAS) (Stevens, 1986) .
A hydroacoustic data acquisition system was calibrated by measuring the transmit and receive performance of the system with a hydrophone. Prior to performing the measurements, the hydrophone was calibrated by Canadian Department of Defense p e r s o n n e l b y c o m p a r i s o n w i t h a s t a n d a rd hydrophone.
The calibration exercise was initialized by mounting the transducer selected for a survey in the underwater towed vehicle. The vehicle was attached to the top end of a mechanical frame and the hydrophone was secured to a pedestal mounted at the bottom end of the frame. A measuring tape was used to measure the distance between the hydrophone and the face of the transducer.
An articulating crane was used to lower the frame over the side of the vessel. The frame was immersed in water until the transducer was at a depth of approximately 2 m.
The echosounder and the associated instrumentation required to conduct the calibration were configured to measure the received response of the system. With the hydrophone emitting acoustic pulses of known amplitude, the location of the pedestal containing the hydrophone was moved by small increments. The voltage at the output of the echosounder receiver was observed and the hydrophone was assumed to be aligned with the acoustic axis of the transducer when the voltage was maximized.
After locating the acoustic axis, the voltage output from the receiver was measured and the receiving sensitivity for the system was calculated. Then, the system was configured to transmit acoustic pulses. The voltage output from the hydrophone was measured and the source level was computed. A calibration value for the system was obtained by adding the source level and the receiving sensitivity values.
The survey area was subdivided into discrete blocks (Fig. 2 ) based on results from earlier exploratory surveys and the bathymetry of the area. A systematic zigzag cruise track was chosen to acoustic a l l y s a m p l e t h e s u r v e y b l o c k s ( K i m u r a a n d Lemberg, 1981; Nakashima, MS 1981) and density estimates were calculated using a cluster sampling model (Nakashima, MS 1981; Williamson, 1982) .
Length and age compositions were derived from catches using either an Engels or Diamond IX midwater trawl with a codend liner of mesh size not exceeding 12 mm. Midwater trawl fishing sets were made on an opportunistic basis. To achieve a bal- S i n c e t h e s u r v e y u t i l i z e d a s i n g l e b e a m hydroacoustic system, in situ target strength estimates could not be derived. A target strength/length regression was derived experimentally for Newfoundland capelin (U. Buerkle, St. Andrews Biological Station, St. Andrews, N. B., pers. comm.). When a length-weight relationship was combined with the t a r g e t s t re n g t h -l e n g t h re g re s s i o n , t h e t a r g e t strength per kilogram was within ±0.5dB of -34dB/ kg. This was well within the range of variation in the length sample data (10-20 cm) used to determine target strength. As a result a target strength value of -34dB/kg was used in the analysis.
Digitized acoustic data were analyzed by squaring the sample voltage (rms) levels and averaging over 1 m depth intervals. Data were accumulated and averaged over 10-min intervals at constant boat 
where V R 2 is the average rms voltage squared at depth R, Rx is the receiving sensitivity of the trans-ducer (dB), Io is the rms transmitted intensity level (dB), b is the average beam pattern (dB), TS is the target strength (dB), C is the speed of sound in seawater, t is the pulse length of the transmitted pressure level, and
Go is the fixed (depth independent) gain of the echosounder (dB).
where K = 10 (-Rx + Io + b + TS + Go + 10 log ( 1 2 Ct))/10
The weight of fish (g) per m 2 of surface area was then calculated by summing the individual densities per m 2 over the depth range. If sampling within the survey block indicated the presence of other species in the acoustic sample, the density estimate was adjusted proportionally to the percentage by weight of capelin in the midwater trawl samples. An average density estimate was then calculated from these individual estimates for the entire survey block. Total biomass for the block was calculated by applying the mean block density to the total surface area of the block.
A biomass estimate for the entire survey area was calculated by summation of survey block biomass estimates.
We have used the estimates of abundance by age-groups, projected the numbers forward one year and calculated the mature biomass from the projected numbers. Although the timing of the spring surveys varied between late-April and early-June, for purposes of these projections we have assumed the acoustic estimates were made for 1 June each year. We have also assumed that spawning time is 1 June. All projection parameters are the same as used in the scientific assessment process of NAFO (see e.g. NAFO, 1989) . Estimates of spawning mortality for each age (Carscadden et al., 1985) , values of proportions mature (Carscadden et al., MS 1981) , and mean weights by age group from inshore sampling data (Table 2) have been estimated while natural mortality rate, other than spawning mortality, has been assumed and set equal to 0.3.
Aerial survey
All aerial survey flights were along the coastline following a defined survey track in Conception and Trinity Bays, Newfoundland (Fig. 3) . These bays were chosen as the study sites because they are in the central area of the Div. 3L stock, the fishery has consistently high landings in these bays and both are within 1 hour of flying time from the nearest airport at St. John's, Newfoundland.
All surveys used fixed wing aircraft with a large format camera and 228 × 228 mm aerocolour negative 2 445 film which penetrates water to a depth visible to the naked eye. An anti-vignetting filter was used in all years.
Two observers along with a pilot and navigator/ photographer were present on all flights. One observer spotted capelin schools and directed the pilot during the survey while the other recorded relevant information. Optimal photographic conditions were on sunny days with light wind conditions. To minimize glare, reduce the effect of land shadows along the coastline, and increase visibility, photographs were generally taken when the sun angle was between 20° and 45°. The optimal flying altitude was set at 457 m (1 500 ft) above sea level. An accurate measurement of altitude is essential to estimate the scale of each photograph and consequently, a radar altimeter has been used for all surveys since 1983.
Because the distribution of capelin varied somewhat within and between bays, the survey track was subdivided into four survey transects (Fig.  3) . One transect in Trinity Bay encompassed the route from the Horse Chops to Gooseberry Cove including Southwest Arm, while the second ran from Gooseberry Cove to Hopeall. One transect in Conception Bay included the shoreline from Caplin Cove to Harbour Grace Islands and the other transect went from Harbour Grace Islands to Portugal Cove. It was impractical to survey the entire coastline of both bays within the optimal time period each day. Thus difficult areas to survey, areas with low landings, and places with no fixed gear fishing were excluded from the survey track. The flight path represented the maximum area which could be covered on an ideal day under optimal photographic conditions, when capelin were abundant and widely dispersed inshore.
We attempted to complete at least one transect on each flight. Flights generally alternated between bays. When a school was observed, it was photographed and location, altitude and time of day were recorded. Photographic frames overlapped by 10-20% and contained some shoreline as a reference point for later identification. The frequency of flights was increased subject to weather to cover the peak periods of capelin abundance inshore.
Each photograph was visually scanned to identify capelin schools against a background of kelp beds and rock formations. Capelin schools were usually easily identified because of their greyish colour and distinctive shapes. School surface area w a s m e a s u re d u s i n g a c o m p e n s a t i n g p o l a r planimeter. The scale (RF) of the photography was estimated by the equation RF = F/A where F is focal length in cm and A is the altitude in cm. Each school was measured three times by the same person and the average of the three measurements was accepted as the estimated school size. Only complete transects were included in the analysis. The total observed surface area was calculated per transect and assumed to represent a minimum estimate of available school surface area. No density or school depth measurements are available, and in this analysis it is assumed that all schools were of uniform density.
An annual relative abundance index was calculated by summing the highest total capelin surface area observed along each of the four transects.
Catch rates from research logbooks
Specially designed research logbooks have been distributed since 1981 to a subsample of commercial trap net fishermen who were asked to record detailed catch and effort data. Details of the procedures to select fishermen to provide good spatial coverage are given in Nakashima (MS 1984) .
During 1981-85, fishermen were visited personally to explain how to complete the logbook, to review their performance and discuss problems. This degree of personal contact has been reduced in later years because of confidence in the quality of the data but most fishermen are still contacted after the fishery. The research logbook data are superior to purchase slip data because they include discards and whether dead or live fish are discarded.
Random samples were collected weekly from each gear type in the commercial capelin fishery in major bays in Div. 3L. From each sample of 200 fish measured for length, a stratified sample of otoliths for ageing was collected on the basis of 2 fish per sex per 0.5 cm length group.
Results
Acoustic surveys
During the first 3 years of the survey series, the biomass estimates were lower than during the last 4 years (Table 1) . While these differences may be due in part to the area covered, especially in 1983 and 1984, densities during the earlier period were also lower.
Estimates of abundance by age-group from the acoustic surveys indicated that the 1983 year-class was relatively strong at all ages from 2 to 5. The estimate of the 1986 year-class at age 2 was also high suggesting that this year-class might also be strong.
Results of the projections using estimates of abundance from Table 1 and parameters in Table 2 are given in Table 3 and shown in Fig. 4 .
The predicted age compositions of mature fish (Table 3) show a predominance of age 3 fish in each year except 1987 when age 4 fish predominated. The contribution of older fish (ages 5 and 6) was not strong (usually less than 10%).
Aerial survey
Annual coverage by the aerial survey has been variable due to changing flying conditions. The worst year was 1986 (Table 4 ) when weather conditions were consistently bad resulting in only 5 days of survey totalling 13.4 hr compared to the 1983-89 (omitting 1986) average of 9 days and 28.7 hr of survey. Also no estimate was available for one transect during 1986.
Since the highest value of school surface area in each transect is summed to provide the annual index, the 1986 index is likely an underestimate of the true capelin abundance that year.
Based on the school surface area indices, the capelin abundance spawning inshore was relatively low during 1982, 1984 and 1986 and highest during 1987 (Table 4 , Fig. 4 ).
Inshore catch rates
The trap catches have increased in importance in the inshore fishery, accounting for less than half of the inshore landings from 1982 to 1984, to about two-thirds of the landings in the last 4 years (Table  5 ). Total catches of capelin inshore have also increased in recent years due to a larger share of the limited Japanese market.
The trap net catch rates show a general increase over the series (Fig. 4) . The 1987 estimate may be biased up because of a labour dispute which delayed the start of the fishery so that fishermen fished at peak abundance only and a gradual increase in daily catch-rate normally observed in this fishery was thereby not recorded.
The 3-year-old capelin predominated in the inshore fishery in all years except 1984 and 1987 when 4-year-olds predominated ( Table 3) . The 3and 4-year-olds comprised a substantial proportion (>80%) of the catch in all years while 2-year-olds and fish older than 4 years also occurred in varying proportions.
Comparison of trends in abundance indices
The trends in the two inshore indices, the trap catch-rate and the aerial survey index were correlated (r = 0.93, n = 7, p = 0.002). However, the projections of mature biomass from the acoustic surveys were not statistically correlated with either the trap catch-rate (r = 0.581, n = 7, p = 0.171) or the aerial survey index (r = 0.449, n = 7, p = 0.313). However, all three series showed lower values in the early years and generally higher values in the later years of the series. The major differences between the inshore indices and the acoustic projection occurred in 1986 and 1987. The acoustic projection increased from 1985 to 1986 and dropped in 1987, whereas the inshore series changed very little between 1985 and 1986 and declined in 1987.
Discussion
Although the time series was relatively short and there were differences in the magnitude of the annual variability in the indices and projections, the trends in the independent indicators of inshore abundance were highly correlated and generally reflected the trends in mature biomass derived from projections from the offshore surveys. The lack of statistical relationships between the acoustic projections and the two inshore series appear to have resulted from differences in 1986 and 1987. These differences may be due to the fact that fixed projection parameters were used rather than accounting for annual variability in these parameters (e.g. see Carscadden et al., 1985 for variability in proportions mature). Although the 1983 year-class appeared to be strong, it did not contribute to the inshore age-compositions during 1986 in higher proportions than did weaker year-classes at age 3. This may have been due to slower maturation rates, as a result of either density-dependent or density-independent effects. The 1983-85 period has been identified as a cold period (Narayanan et al., MS 1992) and as a result, growth of the 1983 year-class may have been slower and maturation delayed.
In the comparison of trends in this paper, we restricted our analysis to projections from the Canadian acoustic series largely because the Canadian series has formed the basis for projections since 1986. Prior to that, projections were based on combined estimates from USSR and Canadian acoustic surveys. Also in this earlier period, surveys from both countries were conducted two years prior to the fishery with the result that projections to mature ages 3 and 4 were based on estimates of 1and 2-year-old fish. However, since 1986, projections have been performed based on Canadian estimates from surveys conducted 1 year prior to the fishery (USSR/Russian surveys have continued but timing and geographical coverage is different from the Canadian survey and the results have not been available until the following year).
In the context of the differences between the projections from the Canadian acoustic surveys and the inshore indices of abundance in 1986 and 1987, it is interesting to revisit the 1985 NAFO Scientific Council deliberations (NAFO, 1985) . At that time, the projections for the fishing year 1986 used estimates of abundance from USSR and Canadian acoustic surveys conducted during 1984. The projected biomass for 1986 was lower and would have been in better agreement with the inshore indices.
In fact, using the series of NAFO projections (which are the same as Canadian projections from 1986 to 1989) the relationships between the projections and trap catch-rate and aerial survey indices are statistically significant (r = 0.810, n = 7, p = 0.27; r = 0.843, n = 7, p = 0.17, respectively). Intuitively, we would have predicted that the procedure used in this paper, that is , projecting only 1 year forward, would provide more accurate predictions because of the use of the most up-to-date information.
Each of the indices of abundance is subject to factors which may affect annual variability. The two fisheries-independent series (acoustics and aerial) are fixed in time because of the logistical necessities of assigning ship-time and contracting air survey flying hours well in advance of the final survey. These fixed survey times do not provide the flexibility to respond to variability in timing of inshore migration or distribution patterns. The results from these two surveys can also be influenced by environmental conditions during the survey period. For example, during early years of the acoustic survey, ice was a problem affecting survey coverage. Since acoustic survey results are a product of areal expansion calculations, low survey coverage could result in low biomass estimates. This has become less of a problem since the timing of the acoustic survey was changed from April to May beginning in 1985. Meteorological conditions can affect daily air survey coverage and long periods of poor weather may result in overall low survey coverage and underestimates of abundance, as in 1986.
The index of abundance from aerial surveys assumes that school densities are relatively constant within and between years. This assumption may have been violated since for both beach ( S l e g g s , 1 9 3 3 ) a n d d e e p w a t e r ( S ae t re a n d Gjosaeter, 1975) spawning, capelin were reported to occur in two types of schools near the spawning grounds. The most dense schools were those closest to the actual spawning substrate in both descriptions, and in the deep water spawning area, interfish distance within the two school types differed from three to six times. Research is planned to measure school densities acoustically during the aerial survey.
Catch rates may be affected by the same factors that influence the commercial fishery. While market forces (e.g. a market for only capelin of a particular size) will generally not influence catch rates directly since landings and discards are included in the estimation, other factors outside of scientific control can have an effect. As previously noted, the fishery was delayed in 1987 due to a labour dispute and as a result, the catch rate may have been biased upward. Opening dates of the fishery in some portions of the stock area have occasionally been varied depending on the market acceptability of the capelin. If this prevented fishing until just before the daily peak catch rates occurred, the effect on the catch rates would be similar to that in 1987, the year of the labour dispute. Since many factors affecting catch rates are beyond the scientists' control, a thorough knowledge of the fishery is invaluable when evaluating catch-rate data from the logbook program.
The relative proportions of age-groups predicted from the acoustic surveys have been reasonably reflected in the inshore age-compositions, however, there has been a general trend to predicting higher proportions of age 3 from age 2 acoustic estimates and fewer older ages. There are several possible reasons for this trend. It may be that acoustic surveys are simply not detecting older fish due to a different distribution pattern outside the survey area. In addition, the estimates of spawning mortality may be too high, especially for older fish. This possibility is evidenced from tagging experiments when mature fish tagged in one year were recovered the following year (Nakashima, 1992) . The number of returns was small, thus preventing the estimation of survival rates, but given the small number of fish tagged relative to the overall population abundance and the heavy predation mortality thought to be occurring, the recovery of any tags a year after tagging is surprising and suggests that our estimates of spawning mortality may be too high.
The general agreement among projections from the acoustic surveys and the two inshore indices encourages us to continue all three. In spite of the potentially large variance associated with acoustic surveys due to such factors as target strength variations, it appears that they are describing the patterns in capelin abundance and can be used as a basis for projections. The inshore indices derived from the logbooks and the aerial survey show the same trends suggesting redundancy in research effort. However, we do not propose discontinuing either series since the success of each is subject to unrelated external factors such as market and labour disputes for the catch rates and weather for the aerial survey. Thus, both should be maintained to monitor inshore capelin abundance.
